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1.0 INTRODUCTION 

Proceccion Tecnica Ecologica, Inc. (PROTECO) owns and operates a waste disposal facility 
in Penuelas, Puerto Rico and is permanently closing Waste Units 1, 2, 3, 5, 9, 10, 11, 12, 
13, 16, and 17. This document describes the design process followed for those waste units. 
The reports, calculations, information, and data contained herein support the Closure and Post 
Closure Plan, r.he Construction Specifications, and the Construction Qualiry Assurance Plan 
that were prepared for the closure of the waste units listed previously. All these construction 
documents were prepared in accordance with the United States Environmental Protection 
Agency (USEPA), the 40 Code of Federal Regulations (CFR) 264, and the Commonwealth of 
Puerto Rico's Regulation for the Control of Hazardous and Nonhazardous Solid Wastes, Rule 
816 . 

1.1 FACILITY DESCRIPTION 

PROTECO's facility is located on the southern side of Puerto Rico approximately 2.5 miles 
southeast of Penuelas, 2 miles north of Tallaboa Bay of the Caribbean Sea, and 1.5 miles east 
of the Lower Tallaboa River Valley. The closest communiry which is approximately 1.5 
miles away is Sebouruco. The site occupies approximately 35 acres and is siruared in a small 
valley which elevations range from approximately 260 ft msl to 400 feet msl. The rugged 
upland terrain of the valley is steep and supports little vegetation. The steep hills which 
surround the site are covered year round with xerophilous vegetation and are inhospitable to 
residential , commercial, or agricultural development. 

Typical climatic conditions are semiarid with 43 inches of annual precipitation, 88 inches of 
annual evaporation, 79 degrees Fahrenheit annual average temperature. and predominantly 
easterly winds off the Caribbean Sea. Most precipitation is lost to run-off due to the hard, 
impermeable surface soil conditions and steep slopes. 

Design of the closure cover system for the Proteccion Tecnica Ecologica, Inc. Waste Units 1, 
2 , 3. 5, 7, 9, 10, 11 , 12, 13, 16, and 17 landfill was accomplished utilizing a number of 
guidance documents published by the United States Environmental Protection Agency. These 
documents were utilized in establishing the components of the final cover system and their 
properties. 
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2.0 CLOSURE COVER COMPONENTS 

The closure cover for all eleven of PROTECO's waste units will be the same and is comprised of seven components of geosynthetic and soil materials to provide an effective barrier to the infiltration of water into the waste. These layers are as follows from the top of the closure cover to the bottom: 

.. A Surface Armor Layer consisting of 6 inches of rock and gravel, 
• A Cover Layer consisting of 18 inches of common fill , 
• A 16 ounces per square yard Nonwoven Geotextile, 
• A 40 mil Thick HDPE Geomembrane. 
• A Low Permeability Layer consisting of 24 inches of soil exhibiting a hydraulic conductiviry no greater than lxl0-7 crnJs, 
• A Sub-base Layer consisting of varying thicknesses of common fill, and .. A series of granular insertS with HDPE vent pipes in the top of the closure cover for the collection of landfill gas. 

Each of these layers is described in depth in the Construction Specifications and Construction Qualiry Assurance (CQA) Plan and is depicted in the Project Drawings. 
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3.0 STORMWATER CONTROL FEATURES 

Stormwater control mechanisms were designed as an integral part of the waste units' closure cover system for the PROTECO Facility to prevent stormwater run-on over the closure cover of the waste units and to prevem excessive erosion on the site and surrounding area. Stormwater generation rate calculations were performed utilizing the Rational Method. The srormwater generation rates estimated from these calculations were then used ro evaluate the required capacity of the stormwater drainage channels sbown on the Project Drawings. Once the size of the drainage channels was cbosen , then the size of the riprap to be placed in the drainage channels was chosen. 

3.1 STORMWATER GENERATION RATES 

The quantity of stormwater which will be directed to each drainage channel was determined by delineating the total area which will direct stormwater to the individual drainage channels. The drainage channels were divided into reaches for the purpose of evaluating the differing flow quantities around each waste unit. Additional reaches were established for drainage channels which serve as collectors for the individual areas. Calculations which were performed to determine the flow rate for each reach are included in Appendix B. 

The individual areas in the immediate vicinity of the faciJity utilized to determine flow quamities to each reach are shown on Sheet C-12 - Drainage Plan of the Project Drawings. In addition to the areas shown on Sheet C-12 there is some stormwater which will flow into the proximity of the surface water control structures from areas to the north and east of the site. These areas are delineated as shown on Figure 1 of this repon. The most recent topographic map of the landfill vicinity did not include information on the extent of these areas. To estimate the quantity of stormwater generated from these areas, the Puma Cuchara and Penuelas USGS Quadrangle maps were used to identify the drainage basin. Areas delineated as generating stormwater which will require management were measured utUizing a polar planimeter to determine the total surface area. 

In utilizing the Rational Method of determining stormwater generation rates, the C value was used from various sources which are described funher in the calculation. In many instances the C value was determined based on a weighted average of varying surface vegetative characteristics and varying surface slope. For each area, the portions of the area with unique slope and cover characteristics were delineated and applied the appropriate weighing factor. 

The rainfall intensity utilized in the formula was obtained from Technical Paper No. 42 for Puerto Rico and the Virgin Islands. This source was utilized due to the lack of hydrologic nomographs for the region. Possible sources of these nomographs which were contacted include the Soil Conservation Service in San Juan and Houston, Texas, the National Oceanographic and Atmospheric Administration, the National CLimatic Data Cemer and the USGS. 
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The design storm event was based on the 100 year. 1 hour rainfall event which resulted in utilizing a rainfall intensity of 5.25 inches per hour. 

3.2 STORMWATER DRAINAGE CHANNELS AND CULVERTS 

The stormwater flow rates calculated for each drainage area mentioned above was utilized to ensure that adequate capacity is provided by the drainage channels shown on the plans for diverting stormwater away from the waste units and tO minimize erosion at the facility. Also, the stormwater flow rates were utilized to calculate the maximum velocity which will be realized during the design storm event to select the proper riprap size for channel protection. Srormwater drainage channel design calculations are included as Appendix C. 

Analysis of drainage channel capacity and maximum velocity was accomplished accounting for various vertical slopes and side slopes within the individual reaches shown on Sheet 12 of the Project Drawings. Calculations were performed on each reach at the minimum and maximum slopes to determine the depth of flow and the velocity, respectively. The minimum slope wichin each reach was evaluated to ensure no overtopping of the drainage channels occur based on the flow generated from the design storm. The maximum slope of each reach was evaluated tO determine the flow velocity resulting from the design storm to select riprap of appropriate size. Table 3-1 provides the information utilized to calculate the maximum velocity in each reach and the resulting minimum riprap size. 

Riprap sizing was based on Pennsylvania erosion and sediment control standards. See Table 3-2 for graded rock sizes with the corresponding NSA Numbers and maximum permissible velocity. 

Culverts have been designed at locations where onsite vehicular traffic must cross the path of drainage channels. Calculations for culvert capacity at these locations are also included in Appendix C. 

3.3 RETENTION AND SEDil\1ENT BASINS 

Sedimentation facilities have been provided to serve as fmal interception devices for sediment laden stormwater prior to allowing any offsite stormwater discharge. There are two basins which will serve this function. One is the existing retention basin, which currently serves as a water source for onsite activities. The other basin has been designed downstream of the majority of the waste units and is proposed to be constructed prior to initiation of construction activities at the landfill. Calculations for these basins are included as Appendix D. No guidance documents from the United States Environmental Protection Agency could be readily attained, thus the guidance utilized for design of the basins was the Manual for Erosion and Sediment Control in Georgia, and the Erosion and Sediment Control Handbook by Goldman, Jackson, and Bursztynsky .. 

The existing retention basin, with modifications as shown on the closure plan, located 
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adjacent to Waste Unit 5 was evaluated to verify that adequate sediment storage capacity is available in this basin for sediment laden stormwater directed to the basin. Also, the surface area of the basin was checked ro ensure adequate settling properties for the sediment laden storm water. 

The sediment basin located between the entrance road and the maintenance facility was designed to prevent offsite sediment migration from the remainder of the area which will be disturbed by closure activities. Sedimem generation rates and required cleaning frequencies were calculated for both the construction period and the post closure period. These calculations have also been included in Appendix D. 

3.4 CLOSURE COVER DRAINAGE LAYER 

The computer model entitled, Hydraulic Evaluation of Landfill Performance (HELP) version 2.05 issued by the USEPA was used tO analyze the amount of precipitation that would run-off from the closure cover as well as infiltrate imo the closure cover . The program contains standard climatic information for the area and has the ability to accept actual sire information. Five years of rainfall data collected at the sire was used in the analysis. 

The analyses were performed on Waste Unit 1. Waste Unit 1 is considered the worst case scenario because the conditions modeled were for the thinnest section of closure cover and the flattest geomembrane slope. The cross section that was used for the analysis is described in Section 1.3. The input and output data that was used for the analyses are included in Appendix A. For ease and uniformity of construction all the lateral drainage layers for waste units will be designed and constructed for the conditions modeled. 

The calculations were performed to verify that less than one foor of water head would accumulate on the top of the geomembrane. The water run-off volume calculated was used in the sizing of the drainage channels surrounding the waste units and the infiltration calculated is used in the choice of the nonwoven geotextile which serves partly as a lateral drainage layer. 

The results of the HELP analysis indicate that the closure cover design maintains a head of 0.0289 inches as a peak daily value which is less than one foot of head over the geomembrane as required by the regulations. 

The slope of the geomembrane ranges from 3 to 8 percent. Because the Surface Armor Layer was designed to have a maximum slope of 5 percent, the thickness of the Cover Layer varies to compensate for the slopes steeper than 5 percent. There are two benefits to this design. One is the increased slope on the geomembrane provides greater water flow capacity in the nonwoven geotextile, resulting in a lower bead on the geomembrane than would be realized by maintaining a 5 percem slope for the geomembrane. The other benefit is an increased thickness in the Cover Layer which will provide a thicker buffer between the surface of the waste units' closure cover, the nonwoven georextile, and the geomembrane of 
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the closure cover. The increased thickness provides protection from burrowing animals 
damaging the water retardant layers of the final cover system. 
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Table 3-1 - Drainage Channel Stabilization Minimum Size of Riprap 

Reach Maximum Side Slope Flow Rate Velociry Rip Rap 
Identifier Slope Size 

(%) (H:V) (cjs) fftlsec) (NSA No.) 

A 8 8:1 19.1 6.8 R-4 

B 8 5:1 25.2 6.4 R-4 

c 7.1 10:1 44.3 6.2 R-4 

D 13.3 2:1 47.9 10.9 R-5 

E 11.8 2.5:1 0.9 2.6 R-2 

F 20 2:1 18 9.2 R-5 

F-1 6.7 2:! 18 5.3 R-4 

G 14.3 2:1 37.4 9.7 R-5 

H 16.7 3.5 :1 23 .6 8.8 R-4 

I 11.8 4:1 55.7 9.6 R-5 

J 40 1:1 79.3 14.4 R-7 

K 33 2:1 39 11.8 R-6 

L 7.1 2.5: 1 311 11.3 R-6 

Existing 2.9 4:1 39 5.3 R-3 
Ditch "B" 
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4.0 GEOTECHNICAL ANALYSES 

Geotechnical analyses were performed on the final cover and other areas in the vicinity of the 
landfill which required further evaluation to ensure adequate stabilicy of slopes are 
maintained. These analyses include the following calculations: 

• The slope stability of the interface between the geomembrane and the low penneabiliry 
material, 

• The stability of the 2:1 slopes which will be constructed as pan of the closure, 
~ The stability of the vertical face adjacent to the existing drainage ditch along the 

eastern portion of the site, and 
~ The potential senlemem of the waste units. 

4.1 GEOMEMBRANE STABILITY 

Smooch surfaced geomembrane commonly has a low interface frictional resistance and usually 
is a controlling factor in the stability of the overlying materials. The interface frictional 
resistances for all components of the closure cover were identified to determine which 
interface would be the controlling interface. An analysis was performed on the interface of 
geomembrane and geotextile which was identified as the layer interface likely to fail first. 
The results of this analysis indicates that the interface fr iction between the geomembrane and 
the geotextile is acceptable for constructing the closure cover as shown on the Construction 
Drawings and required by the Technical Specifications. The report prepared which 
demonstrates the stability is included as Appendix J. 

4.2 SLOPE CUT STABILITY FOR NATIVE SOIL 

The area surrounding the facility contains hills that will have to be cut at slopes greater than 
the existing conditions. These slopes will not be constructed by placing of a controlled fll l 
material and therefore compaction, moisture content, and strength of the earth slopes will can 
not be monitored. To estimate the existing conditions slope stability analyses were performed 
to determine what maximum slope that could be used for design. A field and laboratory 
investigation was performed which produced site soil characteristics and parameters. This 
information was used in the slope stability analyses. The results of the analyses performed 
indicates mat slopes constructed as steep as 2:1 having the soil characteristics rested will 
remain stable. These recommendations and all information are contained in the report 
entitled "Laboratory Test Results, PROTECO Hazardous Waste Units, Penuelas, Pueno Rico" 
dated August 9, 1994 prepared by Caribbean Soil Testing, Inc. included as Appendix F . 

4.3 SLOPE CUT ST ABll..ITY FOR NATIVE ROCK 

In addition to the native soil slopes that will have cuts in them, the hills surrounding the 
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facility will have rock slopes for the construction. To address these rock stability concerns a geotechnical report entitled "Stability of Natural and Cut-Slope Adjacent to Buried Waste Units at PROTECO's Disposal Site, Penuelas, Pueno Rico" dated September 1994 was prepared by Geological Engineering and Environmental Services. The report is included in Appendix G. The report confirms the stability of vertical cuts in the material at the site. However, the report mentions specifically for drainage dithes cut into rock that there is the possibility of small failures within the slope and recommends that measures be taken to 
provide continuous flow through the drainage ditches by constructing rock drains in the 
ditch. 

Although this would provide a continuous flow, even in the event of a minor slump, the existing capacity of the ditch would be reduced by constructing the rock drain in the ditch. Rather than adversely affecting the existing crystalline surface of the ditch by performing construction activities in the ditch, the design capacities of the drainage channels down slope of the existing ditch provide ample capacity tO divert any stormwater runoff which may be diverted due to a slump. 

4.4 SETI'LEMENT 

Settlement tests were conducted at Waste Units Nos. 1 and 16. The results of these tests reveal that the potential senlement at the landfill is 0.017 feet and 0.023 feet in a two month period for Waste Units 1 and 16, respectively. The grades of the closure cover are designed to provide positive drainage of the closure cover throughout the life of the waste units. The settlement data is included in Appendix I. Calculations that were performed to ascertain the durability of the geomembrane during senlement have been performed. These calculations indicate that the geomembrane will fulfill the design strength conditions and not fail. The calculations for geomembrane settlement are included as Appendix J. 
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5.0 LANDFILL GAS GENERATION 

Municipal landfllls that contain organic materials will generate methane gas from the decay of 
the organic material. The gas will escape from the landfill and migrate via the path of least 
resistance to the atmosphere. The usual path of least resistance is up, bur with the installation 
of a closure cover, rhe low permeability layer will force rhe gas to find new pathways which 
may harmful to rhe surroundings. Therefore an estimate of the gas that may be generated 
from the waste units has been performed by a method proposed by Bagchi. This method will 
likely produce a conservative estimate of the gas generation rate for the waste units due to the 
age of rhe landfill and the fact that the landflll contains little to no municipal waste. 
According to Koerner, hazardous waste landfills produce little landfill gas and therefore 
require no gas collections systems or low capacity systems. The calculations for rhe estimate 
of methane gas generation are included in Appendix K. The gas generation rate was than 
used in the design of the gas collection areas and the gas venting of the closure cover. 
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APPENDIX A 

"HELP" MODEL RESULTS AND 
DRAINAGE LAYER DESIGN 



PROTECO - WASTE UNITS 1,2,3,5,9,10,11,12,13,16,&17 
PENUELAS, PUERTO RICO 

NOVEMBER 15, 1995 

BARE GROUND 

LAYER 1 

VERTICAL PERCOLATION LAYER 
TIDCKNESS 
POROSITY 
FIELD CAP A CITY 
W1L TING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 

LAYER 2 

= 6.00 INCHES 
::: 0.4170 VOL/VOL 
= 0.0454 VOLNOL 
::: 0.0200 VOL/VOL 
= 0.0454 VOLNOL 
= 0.009999999776 CM/SEC 

VERTICAL PERCOLATION LAYER 
THICKNESS 
POROSITY 
FIELD CAP A CITY 
W1L TING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 

LAYER 3 

= 18.00 INCHES 
= 0.4224 VOLNOL 
= 0.3495 VOLN OL 
= 0.2648 VOLNOL 
= 0.3495 VOLNOL 
= 0.000000850000 CM/SEC 

LATERAL DRAINAGE LAYER 
THICKNESS 
POROSlTY 
FIELD CAP A CITY 
W1L TING POINT 
INITIAL SOIL WATER CONTENT 
SA TL"RA TED HYDRAULIC CONDUCTIVITY 
SLOPE 
DRAINAGE LENGTH 

= 0.15 INCHES 
= 0.8000 VOLN OL 

0.0300 VOLNOL 
= 0.0200 VOLNOL 
= 0.0300 VOLNOL 
= 0.569999992847 CM/SEC 
= 5.00 PERCENT 
= 385 0 FEET 



LAYER 4 

BARRIER SOIL LINER WITH FLEXffiLE MEMBRANE LINER 
THICKNESS = 24.00 INCHES 
POROSITY = 0.4300 VOL/VOL 
FIELD CAP A CITY = 0.3663 VOL/VOL 
WILTING POINT = 0.2802 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.4300 VOL/VOL 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000000100000 CM/SEC 
LINER LEAKAGE FRACTION = 0.01000000 

LAYER 5 

VERTICAL PERCOLATION LAYER 
TIITCKNESS 
POROSITY 
FIELD CAP A CITY 
WILTING POINT 
INITIAL SOD.- WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 

= 240.00 INCHES 
= 0.5200 VOUVOL 
= 0.2942 VOLNOL 
= 0.1400 VOLNOL 
= 0.1969 VOLNOL 
= 0.000199999995 CM/SEC 

GENERAL SIMULATION DATA 

SCS RUNOFF CURVE NUMBER = 72.60 
TOTAL AREA OF COVER = 43560. SQ FT 
EVAPORATIVE ZONE DEPTH = 10.00 INCHES 
UPPER LIMIT VEG. STORAGE = 4.1916 INCHES 
INITIAL VEG. STORAGE = 1.6443 INCHES 
INITIAL SNOW WATER CONTENT = 0.0000 INCHES 
INITIAL TOTAL WATER STORAGE IN 

SOIL AND WASTE LAYERS = 64.1371 INCHES 

SOIL WATER CONTENT INITIALIZED BY PROGRAM. 

CLIMATOLOGICAL DATA 

USER SPECIFIED RAINFALL WITH SYNTHETIC DAILY TEMPERATURES Al'ID SOLAR RADIATION FOR SAN WAN PUERTO RlCO 

MAXIMUM LEAF AREA INDEX = 0.00 
START OF GROWING SEASON (JULIAN DATE) = 0 
END OF GROWING SEASON (JULIAN DATE) = 367 



NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 

JAN/JUL FEB/AUG MAR/SEP APIUOCT MAY/NOV JUN/DEC 
76.50 76.60 77.50 78.80 80.30 81.70 
82.00 82.20 81.90 81 .40 79.60 77.70 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1989 THROUGH 1993 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION 
TOTALS 
3.55 2.24 3.25 4.57 5.60 3.74 
1.64 4.79 8.07 11 .09 4.60 1.99 

STD. DEVIATIONS 
4.36 1.68 3.64 2.55 5.22 2.00 
1.13 1.26 4.26 7.72 3 45 1.75 

RUNOFF 

TOTALS 
1.723 0.091 0 649 0.397 2.475 0.891 
0.058 0.438 2.480 5.786 1.360 0.090 

STD. DEVIATIONS 
3.210 0.084 1.393 0.607 3.363 0.775 
0.052 0.482 3.176 6.867 2.218 0.122 

EVAPOTRANSPIRATION 

TOTALS 
1.178 1.901 1.723 2.838 2.995 2.295 
1.389 3.047 4.184 3.836 3.166 1.468 

STD. DEVIATIONS 
0.763 1.133 1.166 1.180 1.777 0.860 
0.903 0.857 1.449 1.312 0.484 1.041 

LATERAL DRAINAGE FROM LAYER 3 

TOTALS 
0.6477 0.4577 0.4876 0.5862 0.8209 0.6693 
0.5954 0.5891 0.7191 0.8765 0.8661 0.8798 



STD. DEVIATIONS 
0 2938 0.3061 
0.3933 0.3471 

TOTALS 
0.0011 0.0010 
0.001 1 0.0011 

STD. DEVIATIONS 
0.0000 0.0000 
0.0000 0.0000 

TOTALS 
0 0009 0.0008 
0.0009 0.0009 

STD. DEVIATIONS 
0.0000 0.0000 
0.0000 0.0000 

0.3072 
0.1280 

0.2862 
0.0326 

0.1328 
0.0005 

PERCOLATION FROM LAYER 4 

0.0011 0.0010 0.0011 
0.0010 0.0011 0.0010 

0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 

PERCOLATION FROM LAYER 5 

0.0009 0.0009 0.0009 
0.0009 0.0009 0.0009 

0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 

0.2007 
0.0344 

0.0010 
0.0011 

0.0000 
0.0000 

0.0009 
0.0009 

0.0000 
0.0000 

AVERAGE ANNUAL T OTALS & (STD. DEVIATIONS) FOR YEARS 1989 THROUGH 
1993 

INCHES CU. FT. PERCENT 

PRECIPITATION 55.11 200057 100.00 

RUNOFF 16.438 59671. 29.83 

EVAPOTRANSP~TION 30.019 108969. 54.47 

LATERAL DRAINAGE FROM 8 1954 29749. 14.87 
LAYER 3 

PERCOLATION FROM LAYER 4 0.0125 45. 0.02 

PERCOLATION FROM LAYER 5 0.0106 38 0.02 

CHANGE IN WATER STORAGE 0.449 1629. 0.81 



PEAK DATI.. Y VALUES FOR YEARS 1989 THROUGH 1993 

INCHES CU. FT. 

PRECIPITATION 8.96 32524.8 

RUNOFF 6.906 5070.3 

LATERAL DRAlNAGE FROM LAYER 3 0.0289 104.8 

PERCOLATION FROM LAYER 4 0.0000 0.1 

HEAD ON LAYER 4 0.1 

PERCOLATION FROM LAYER 5 0.0000 0.1 

SNOW WATER 0.00 0.0 

MAXIMUM VEG. SOIL WATER (VOLNOL) 0.4192 

WNIMUMVEG. SOIL WATER(VOLNOL) 0.1161 

FINAL WATER STORAGE AT END OF YEAR 1993 

LAYER INCHES (VOLNOL) 
2.01 0.3342 

2 7.60 0.4223 

3 0.06 0.3841 

4 10.32 0.4300 

s 47.26 0.1969 

SNOW WATER 0.00 
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where 

II -= thc II'OIIl~llli~~ i vlly. 

~,. = the lll ·plane lll:fllu.:ahilit y l'tll.:llktcul thydraulk cont..hll.'tlvityl. ;~nt..l 
1 = the tllll.'kne~~ . 

The rclation!'lllp will apJ>~:ar a~ II = kt. the k h~.·u•!! unt..lcr~lootl to he in-pla11e pcnncahility. 
Tr..tnsmiSSIVIIY Wtlf be u~etl in t:onjuneltoll with Dart:y\ formula unuer the ;JS~umptiollth<JI 
laminar lluw e.~ tsts withtn the gcote .~tilc . This ts !_!cncrally valiu. but when very th1ck 
geotex.tile.<i arc uscu together with high hyurau!u.: ~radients. the assumption of;~ laminar 
IJuw regime IIIUSt be dt;~Jicugcu , IIIUCCU. with the gcolleiS anu ur;~inagc gctX.:OillflOStles 
uiscusseu Ill Chapters 4 anu 6. llow b generally 1\llhulent anu Darcy'~ form ula C:Jillll)t be 
usetl. A tlifferent approach Ill !he tlesign or gctltii.:IS :JIIU tlrai twgc geocompusites will be 
taken fmm thilt usetl in this section 

2.9.3 Gravit y Drainage Design 

For gr:~vity tlr:tilla!!C prohlcnts involvtttg liqU IU IIIIW Ill !!CIIte:\t ilt.:s. the urivi ng force i~ 
lllcrcly the ~llljl\: :11 wlnd1 th1.· !!l'llll'~llk IS plan~d ll-.tug th1.· geuuu.:try 11! the parttcular 
o;i tuattott undcr coustdcratiott . a rcqt11rcd lransltli'-'IVIIY l.'a tt he calcul:tlcu usittg Darcy ·~ 
formula . This V<aluc is thell Cotttpurcu to the :d lowahlc tr:tllSIIIiSSIVity or the l.'<ll lc.li u:J tC 
geotextile for colculutiun of u fucwr or safety. Oepcntling on the severity of the situilliun. 
these values of fot.:tor of safety c;houlu be quite high. tlepentling on how the ollowable 
transmissivity is obtained (recall Equation 2. I 9 and Table 2. I 3). 

Note should also he made th:u the t~llnwahlc f!CtliCxtilc 's transmissivity is that value 
at thl' nonnal stress which is :ll·tin!! upon 11. Thas 1s usually calculated on the has is of thc 
effective strc~:-.llltltc ~~~~~ pl:tcctl ;li~<1vc 11 ilthc !!:.:otc:\ttlc is honlfnttal. II' the ~cutc~tile is 
venic:~l. the nomi:JI stress is the venical effective stress times the appropriate t.:ucflicicnt of 
eanh pressure. This cntt usually he tnkcn as the at-rest value. nnu the rclat ronship K .. = 
l - sin!)> is often useu. If the friction angle of the 11oil (wl is not known. K .. can be taken 
approximately equal to 0.5. It shoultl be recnlleu fmm the testing ~ection involving 
hydraulic prupenie.s (Scction 2 .2.4 .6) that the transmissivity uecre:~.~e.s o;trungly with 
applietl nonnal stress 011 the fuhm:. figure 2.12 ill ustrmetlthi~ behavior for a number of 
commercially available nonwoven needlc-puncheu geotextiles. Note that a constant value 
of transmissivity is reochctl above appmxim:~tely 400 Jb./ft. 2 ( 19 kPa ). For needle
punchetl nonwoven gt:l>IC~ttlc~ itt the r:~nge IU to 20 ot../ytl. 1 (34 to 68 gtm1

). the trans
missivity untler st resses gre:uer th:Jn 400 lb./ft. 2 ( IIJ kPa) is in the range 0.004 to 0.010 
ft. ~/min.-fl. (0.0<JOJ7 to 0.00093 nr1/lllin .·111L 

The followi ng example illustr:Jtcs the usc ul these t.:om:epts. 

Example: 

(iivl'll a .! .'i · lf. ·hl!!h /lllll'd •·:u lh daau lou n.,c a~ au llll)!:afinn ac~crvu1r. 'l11l' d:uu has a l'IO~~ 
Sl'l:lillll :L' 'itllWII bdclw , 1\ 111111\VIIVCII lll'CtiJC · jllllll'iiCd !!CIIIC.'\ttlc j~ he ill)! CCIIL'idcrcd :1!< ;a 
chimney t.lr:un and Jr:unagc gallery. ll1c ~ct~Clllllc under cousit.lcr.uiun ill 3 I 2-o7../yJ.l 

Sec. 2 
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nccdlc-pum:hctlmmwovcn fab ric wuh 11, 11 .. w = 0.0045 ft. 1/min.-fl . at norm<~! stn::ssc:s !;reuter 
than 41111 I tun . ~ . Wh:it (uo..:tur 111" \.11i:1y uoc~ 1h1:. ~:~cotcxtilc huvc for the: amount of ttow 
:.CCfllll!l thnn1!lh tl!c cure.: wall. whr.h 1s ~ cl:1ycy Slit of (1\:rtllcahllity :!.0 x Ill - \ ft./min. 
1 ., 1 o ' cmts r! 

Cl,•v curcw.1ll 
w1 1h Uuw " ' 'I 
\i-11U lt...._,t lit 

Sulu1iun: In )t:l!;CS . the )Uiut iu11 r .1S fo lluws: 

G..ot~a ro le 
cnonon~y 

dnon 

(a) Calculate tht: maximum ) ::page: comin1:1 through tht: clay core wall that the gc:o
lextilt: mus1 carry. Usc: 1lf a llow n• (~ shown rn the: sketch) ~:ivts 

q=kh (-) 

= (2 X ( (} - 3) (25) (~) 
= 1.50 < 10 • 1 ft. 1/uun .-fl. t.lam 

thl C".1h:ulat.: the gro~di..:ut ul uow 111 the !!CIIt..:xul..:. 

I -' ~Ill 75" 
= () IJ7 

Ccl Calculat.: the n:qurn:t.l tr.m:.mis)rvity. 11,.,1, 1, usrng Darcy's fommla . 

., '"' 
"' fl , ""' = ( k/1 (i X 11') 

,, 
kt---

1 X II' 

r.5o x ro-J 
8
"'' "' = ((} .IJ7) ( 1.00) 

= 1.55 X Ill . I 
- 0 0015 ft. 1/ nun . -ft. fuhric 
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(til l>ctcrrninc the lartnr or ,aJctv 

II 
I·\' = _!!!:= 

ll,c,~l 

ll tHWi 

0 IJU I 5 

= 3.11 

Chap. 2 

Due to the criticll nature or this applic:lllon. this FS value is too low and a minmtum value or 
5.0 is recommended. Two options present themselves: one is to usc two layers of fabric in the 
lower part of the chimney drain ami in the drainage gallery (the upper pan of the chimney 
drain could ~1111 u~e one layen: the other i~ 111 use the FS = 5.0 and calculate the necessary 
geotcxtih.: · ~ tr.lll.'imis.~ivit y. 

ll = o, •• , .• X FS 
- 1 11101~ v ~II 

111111 / .'\ II . 1
/ 111111 . II 

and use a fabric with thi~ allowable capacity. Recall the t ran~missivity curves of Figure 
2. 12. 

(e) One mu~t nnw uu a o;oil rctcnllun analy~t~ to ~ee thai ~oil particles uo nul embed in 
the geotCJtlile and decrea~c us tran~m•~~tvtry . The analysts is the ,ame as in Secrion 2.8. 

( f) Finally. cu111:cm fur lnng rcnn sntl·j:entcxule compatthiliry mu~l he auurc.~set.l. 
lien: within an earth Jam is where lun~ ·tcrm flow IC!'IS ttr j!C;tuicnr nuin tc~ts hnvc applicJ· 
bili ty. Sec Sections 2.2.5.4 anu 2.2.:-U rur uctai l~ . 

As the next example shows. however. the amount of now that geotextiles can handle is 
limited to specrlic situatio ns . 

Example: 

Calculate the number of fabric layer.; re~uired to drain water from behind the following 
concrete canulever reraining wall if e:tch layer ha..~ a transmissivity of e.now .. 0.011 ft.1

/ 
min.-ft. fabric . The soil backfill is a si lty sand (ML-SW) with lc ... 0.098 fl./min. 



Chap. 2 

:11.1 ... value of 
• fabnc sn the 
rt chtmney 
ht ecessary 

:s ~r Figure 

o ... mbed in 
:cuon 1.8. 

dressed. 
'' :spplica-

1 h:tndle is 

: '· !lowing 
I )II ft. 1/ 

n. 

Sec. 2.9 Designing for Drainage 233 

Sululiun: A~ lx:lurc. we proccctlrn pans: 
(al Culculah: the ma.\unum llow rure coming tu the geotc:xtile. From the: How nc:t 

above, we have 

q = klr (~) 

= (0.09~) ( 14) G) 
= 0.1 4 ft. 3/min. -fl. wall 

(h) IXtennint: tht: flow gnulient within rhe geotextile. 

i "' .,in l)O~ 
- 1.11 

(d ( 'akulah.: tho.: ro.:quuo.:d rnus.~tlll,.,.lvlty . 

q = kiA 
~ ki (t X tv) 

= Ckt) (i X w} 

q 
11,.,,,1 = Ia = -

, X IV 

0. 14 

1.0 X 1.() 

11,~.,.1 - II . 14 lt. 'l uun. -ft. wall 

(d) Compare this value ro rho.: :u:wul gctllcxulc's trunsmissivity to obtain u factor of 
safety. 

FS = 8,, ... w 

A,..,.J 

ll.OII 
=--

0. 14 

= 0 .07!! Nu ~oud! 

C.: I Calculate tho.: numho.:r ul ~o.:nr cxll lo.: luycrs n:qnsn:u to handle 0 . 1-1 fl.-'fnun.-ft. wall uoukr rile :L'-'IIII tplnut,, lh:tt no11htpk laye" linearly uoao.:a:-<: rr:nt"""""'vuy tthcy .tu nul) und 
I· S 1 II 1 vet y I" " oo l'r: .. ·u.-·s 

II . I-I 
Nusubcr) ol luycr.s ~ --

0.011 

= 13 Wow! 

E!lSily seen is that this applicatiOn is not suueu for gentexriles. It is, however. a perfect situation fur gconets or drainage gcm:omposues. which have nmc.:h grl!ater in-plunt: How capacity. Gc:nncts are the suh jecr of Chapter ..1, anti gc:ocnmpositcs are the: subject of 
Chupter n. 
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Sec. 2.4 Geotextile Functions and Mechanrsms 121 

off\!r a practical remedy to many prohkm~ in volving the llow of litjuius. 

2.4.3.1 Permeability 

T! tt ~ part I~ ul:u dt~~ '"''"II ul l.du1~ 1"-' l'lll~· .thdtty • ~·kt' 111 ,· r·"~ planl.' jl\:rtlll.':thi lity 
wltctt liqutd flow i:. 11\:l)'l.'tldi~· ·t!ar Ill tit..: pl:tttl.' "' lite lahril..' SIIIIIC "' rite rahri..:s u:.cd litr 
thi:. purpose arc n.:lutivdy tlud • • utd ..:utnpn.::.:.ihlc . For t in~ rea:.• til tit..: thid\th.:~:. i~ indutkd 
iu th..: pertlll..::dltl ity l'll'-·t'linl.'tll ami i~ u'.:d · •~ a '' ll\.'rtnilltvtt y." •.vlnd1 was pn.:viou:.ly 

th.: ltm.:d a:. 

where 

1V = the p.::rmiuivity. 

k., = the cross-pl;me permeability t.:tx:flit.:icnt. unc.J 

1 ..:: the t hicktu.:~s at a Sfll.'t·ilied llllltllal pt·l.':.:.ttr..:. 

The te:.ting for gc::otcxllle pemuuivtty was coveretltn Section 1.1.4.4. 

2.4.3.2 Soil Retention 

12. i)) 

/\:.CHIC ,tf!IIWS t'oi' gre;tiCI' lfow ut' water lhl"llltglt the geoleXIlh.:. lhl.: Void spa..:cs ill it 
ill iiSI he made larger. Thcr..: is. however. a li u1 it .. - th111 hcmg wh~.:u th~.: upstr~.:atn soil 
pani..:les '\tart 111 pa~~ llll'llll!_!h the l'ahnl.' void~ ;dung with tltc lluwing liquid . Thi:. leads In 
an unacceptable :.ituuuon callct.l "~oil ptping." in whtt.:h the liner sod puntd(:S are currietl 
through the rubric. leuvin!:: larger soil VOIU:. ~hind . The liqutu velocity then increases , 
accelerating the proces~. until the ~nil ~tnteturc hcgm:. to cnllup~t: . This collapse often 
lcat.ls tu minute sinl..hule-type pallcm:. th;tt grow largc:r with time. 

This enure prm:c.'>!> i:. pn:v~:ntcu by muking the gcotc::xtih.: voiu:. small c:nough to 
rewin th(: soil on th~: up~tream side or the Iabrie . It b the courser :.nil frJctinn that must be 
inntally n.:t;un..:d; thts ts the targ..:tcd :.uti '11..: Ill the 1k:-.1gn pnl\:es:.. These ~.:v..:ntually 
block the Isner s tz..:u panicles. Fontuwt..:ly. li ltrattoll enne..:pt~ ar~.: wdle:.tubli:.heu in the 
Ut:s1gn of :.o1J !titers. anti those SUilll.: ide~L\ Will he ll~d Ill de:.ign an adCljUUh! gcoh!lUile 
litter. 

Thc::re arc u number of' uppmac.:hc:. w acclllllflli:.hing sot! retenuon. ull of which use 
the ,otJ [lilr11t.:fo,; \i'I O.: charat.:ll.:rt~lit::-. :tllU t.:C IIIlfl:tre thclll (II the(),,~ :-.ize (aS tfetcm1inetf by the 
/\I lS h..::.t) nl till· l.lht••·. Tlw 'unpfl-,1 u l th'-''l.' u•~· tlu11l' c.'tautillc:-. the [ll.'rl·enla!!e of snit 
pa~:-.in~,; tho,; Nu. }110 '\I..:Vc 1- 11. 11 /-l 1111111 1\l.'t' lltdtug tu l'a:.l-. l•ut\.'0.: 15 . th~.: lnllowing IS 
recununended j-lOI: 

I . Suil ~ 50% pus:.ing the No . 200 :. teve 
AOS of thc fuhric.::::: Nn. :ltl ~ieve !i.e .. 0.,~ < 0.59 mml 

2. s.ul ..... 51l'X, JlUS:-.IIlg. tho,; Nu . }1)(1 Sle \IC 
AOS of the:: fabric :::: No. 50 sieve C i.e . . ll.J~ < 0.21)7 mm) 
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Slightly 1110n.: n.:!'trictivc is th~o: rcconunendatiun of Carroll for the (),,, si7e in millimeter.;. 
wl111:h is thl· lollll\vin~ 1411: 

(2.22) 
where dM< is l hl· par1id~.: ~ i1c inlllillilllelcrs for which H.'\% of <:a111plc is finer. Fin:-rlly. the 
lllll!'tt:onscl vatrvc lllt.: lhou is alter ( iirouu 1•121. who presents a tnhlc 1111 lccutlllllcnucu 0<)5 values (i.e .. the opening <: izc in millimeters corresponuing to the AOS value) in tenus of 
relative density (lJR ), ~:uef!i~:ient of unifunnity !CUl. aml average particle size (d~u} (see 
Table 1.14 ). One of these three approaches should be used. The approach should be 
chosen on the basis of the criticality of the situation being considered. since the approaches 
are restri~:tivc: to llifferem degrees. 

TABLE 2.14 RELATIONSHIPS USED TO OBTAIN FABRIC OPENING 
SIZE TO PREDICT EXCESSIVE LOSS OF FINES DURING FILTRATION• 

lt,·l:at avc tlt-nsny 

L• ~•>e 1/J,. -:: ~w·~> 

lntenn«fiate !SO"'> < ()" > l!IJ%1 
Dense (0" > RU%1 

Source: Afte r G iroud 1421 

I · !"II · I 

~~ .. ' (("1/) ttf..,l 
O.,. < 1.51 CUI (tl,.,) 

o.., < 1!CUI (J.,,) 

("II • I 

~~ .. , . t •M.,,IIC'U 

o .. < ( 13.SJ,.,)ICU 

0., < ( 18d.,)ICU 

'd..,. So rl panrcle ~ize t:orrc.~porn.l ing to St~ finer. CU. cocffic:u:nt of unafomuty 
(=1.1../d,,); d ,., ~nil pnrtaclc ~11.c cum:~puntling tn I ll~ finer. d .... wil pan icle: ~17.e 
wrrc.~ptmding. 111 60% liner: u .... apparcnl upemng ~i7.c uf georc:~ule (i f data are mrt 
giYc:n by the: ruonufa<.:tun:r. tha~ value i~ appwxinaatcly the: AOS <acvc value: in nnl· 
limc:ter.1 1. 

2 .. 4.3 .3 Lo ng-Term Compa tibility 

Perhaps the most asked question in the use of geotextiles in hydrau lic related systems 
is. "Will it clog?" Obviously. some soil particles will embed themselves within the fabric 
structure. but the question really asks if the fabric will completely clog. such that the flow 
of liquid through it will he cumplelely shut ufr. The que!'t ion can be directly answered by 
taking a soil sample anLI the cnnuidate geotextilc(s) and testing them in the laboratory in either gradiem ratio tests 1271 tu see that the GR 5 3.0. or long·term Oow tests 126] to see 
that I he renuinal ~lope nf the flow r:llc vcr.;u ~ time curve i ~> essentially zero (recall Sections 2.2.5.5 aliLI 2.2.5.4). 

Another approach to a suitable answer to the clogging question posed is simply to 
avoid situations that have been known to lead to severe clogging problems. From expe· 
riencc it ha.c; been shown that three conditions are necessary to have a high likelihood of 
complete soil clogging of gcotcxtilc filters: 

I . cohesiunless sands and silts. 
2. gap-graLieLI particle si7.e di:aributiun. anLI 
3. high hyuraulic gradients. 
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APPENDIX C 

STORMWATER DRAINAGE CHANNEL 
AND CULVERT CALCULATIONS 
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PROTECO LANDFILL 
REACH "A" DRAINAGE CALCULATIONS 

FOR SLOPE = 4.4% 

Flow n Slope Flow Depth Area Wetted Velocity 
(cfs) (%) (ft) (sq. ft.) Perimeter (fps) 

0.93 0.031 0.044 0.1 0.48 5.61 1.94 
3.24 0.031 0.044 0.2 1.12 7.22 2.89 
5.29 0.031 0.044 0.26 1.58 8.19 3.35 

t.tt1rt%~1~1i~~~m~~~~~lli~fuJltBilm1~Mlltlll!llili~~ilt1B&J.I~-11J.I 
6.10 0 .031 0.044 0.28 1.75 8 .51 3.49 
6 .52 0 .031 0.044 0.29 1.83 8.68 3.56 
6 .96 0.031 0.044 0.3 1.92 8.84 3.63 

12.24 0 .031 0.044 0.4 2 .88 10.45 4.25 
15.52 0.031 0.044 0.45 3.42 11 .26 4.54 
19.25 0.031 0.044 0.5 4.00 12.06 4.81 
28 .14 0.031 0.044 0 .6 5.28 13.67 5.33 
39.06 0 .031 0.044 0.7 6 .72 15.29 5.81 
52.18 0.031 0.044 0.8 8.32 16.90 6.27 
67 .63 0.031 0.044 0.9 10.08 18.51 6.71 
85.56 0.031 0.044 1 12.00 20 .12 7.13 

106.12 0.031 0.044 1.1 14.08 21 .74 7.54 
129.43 0.031 0.044 1.2 16 .32 23 .35 7.93 
155.64 0.031 0.044 1.3 18.72 24.96 8.31 
184.87 0.031 0.044 1.4 21.28 26.57 8.69 
217.26 0 .031 0.044 1.5 24.00 28.19 9.05 
252.92 0 .031 0.044 1.6 26 .88 29 .80 9.41 



Flow 

(cfs) 

PROTECO LANDFILL 
REACH "A" DRAINAGE CALCULATIONS 

FOR SLOPE= 8% 

n Slope Flow Depth Area Wetted Velocity 
Perimeter 

(%) (ft) (sq. ft.) (fps) 

1.17 0.031 0.08 0.1 0.42 4.45 2.80 
3.79 0.031 0.08 0.2 0.88 4.89 4.31 
5.17 0.031 0.08 0.24 1.08 5.07 4.81 

lt![~~l~&~~l~&~~m~®lll~~tt~~~~~~~~~~-~~~~•L•~~-~lii~~~m~E11~ 
5.93 0.031 0.08 0.26 1.18 5.16 5.04 
7.58 0.031 0.08 0.3 1.38 5.34 5.49 

12.46 0.031 0.08 0.4 1.92 5.79 6.49 
18.42 0.031 0.08 0.5 2.50 6.24 7.37 
21.81 0.031 0.08 0.55 2.81 6.46 7.77 
25.46 0.031 0.08 0.6 3.12 6.68 8.16 
33.59 0.031 0.08 0.7 3.78 7.13 8.89 
42.83 0.031 0.08 0.8 4.48 7.58 9.56 
53.20 0.031 0.08 0.9 5.22 8 .02 10.19 

' 
I 

ol ,, 



< COMPUTATION SHEET 
Form No. 0048 

Midwest Tech. Servs. 
Rav. 08.89 

0 H.\ 1 Corporation 

Proj. No. 
/IP/..3? 

Preparer's 
Initials 

r Page z_ of 2.5 

I Date 

'

Reviewer's [ Date1 /. [ Approver's v [ Date 
Initials tr1 L? 'I 1 v 1 9¥" Ini tials 

G"!iecL ~c?c4 ''A',, ~/e'&?d/k/ £ J= -1-~ ~~ d=-tJ,27 

A = ~(o.27) J. 2( ~ {ff.z.'))(.27)) 

+' I A=- /tJtf J,. t?.s-ff ~ /.~~ 

? :: -{ J(IZ7 ~ ~ (!(tJ.27))0 

? ;:; j>:3~ 

Q ""-' /,t.t ( C~IJ~~ ) (~\ O.&l((),044)!-'z_ 
tf._ !> ) 

t;) :.. J,!Pt. ( ?f.tJc,) { t?- 3-'f ) (C . .Z I) 

Q ~ s. t:. 7 A cJK 

A= .:t{P2s) 1- 2(~(zft~-2sl) (o . .zs-V 
/1 ~ /, /3 //;;. 

? = ~ f 2 ( /o.2S 
2 

+ (£fo.z!l;f} 

?~ fr/.12 ""- S,/,2.. 

/ ;, ~'/) ( J,/3 )0.~7( :-) ~ 
0 ~ /t/3 ( {:J.tJ3/ S./2. ~, t)f/ 

Q -= j,/3 ( 1/./)t/) ( tJ. 3(,) 

c? ~ s; S' <f t? /c._ 



<- COMPUTATION SHEET 

OH \1 Corporation 

Preparer's I Date I Reviewer's I Date 1 J 
Initials ..;JA?L f}~/?l? Initials t1/I..P Q J Zij?¥ 

C/c-£,t /?1;1. J~~ t/~chPn ~ c~c/:,fy 

C :- / 9-/ c.LJ 

hkrm//Jl!' htv' c/~.f/J 
~ = L:: (~d)rf3d(d)) I. 

11 ? 4 ~~ r dL-1 3dz)~ 

-?J./vmt' /? :. t:J,t:J 3S 

Form No 0048 
Midwest Tech. Servs 

Rev. 08.89 

I Page 3 of ...:,z_s...___ 

I Approver' s ../ I Date 
Initials 

~ 
,._ 1 ' --.f 

~1/1 s ~ .3.3% 

/ 9.1 = /, ~~ /__ ~d 1- Jd&{) (t2.~53)~ (!2d:J) 
t:JJJ3~ f1~z(dz.~yj / 

//;n-J .5. 6% ~/t' -?r-(udJh I, /4<A.I c/t;P/4 := tJ. 7 7 /_/ 

a/?//t'/ oy.4 = .1 ' . : a,f/;/1 o/d r/(/4-/;:.;?r 

i/t"krn?h?e )"e~c/f £- r-y;-r~ J;i27 c?/- /?/4A'. c/~e 

//1(1" .{' s :: tf ~ 
~ _ A~ td~~drd) 

,¥ - ? ff 2.(/d"+S"dz..) 

,/= ~ ( -1d ~ Sd (cl ~ _ 't(~ . Of) ~ 
r. o,~3S" 1; ~(/d 2rS"d ')/ 

hcn1 g::t?,f ·-g '' tf A /~ cfor~.-74~/ Y=-"' ~~tJ :fo~ · 

( k I 4> n -: tJ.~.31 ;4,- /~H/6~ t.1J~ t:?/ ~- 3 r~ r«_p 

fron7 .pr~PaOic-<' ,L ~ /1 = f1.tJ3 I Jfhof > ~. 5" fjos ~ ·. tlt(!. fZ-1 rlf l~f 



PROTECO LANDFILL 
REACH "8 " DRAINAGE CALCULATIONS 

FOR SLOPE = 3.3% 

Flow n Slope Flow Depth Area Wetted Velocity 
Perimeter 

(cfs) (%) (ft) (sq. ft.) (fps) 

0.68 0.035 0.033 0.1 0.43 4.63 1.57 

2.21 0.035 0.033 0.2 0.92 5.26 2.40 

4.48 0.035 0.033 0.3 1.47 5.90 3.05 

7.47 0.035 0.033 0.4 2.08 6.53 3.59 

11.20 0.035 0.033 0.5 2.75 7.16 4.07 

15.68 0.035 0.033 0.6 3.48 7.79 4.51 'I 

18.21 0.035 0.033 0.65 3.87 8.11 4.71 

18.74 0.035 0.033 0.66 3.95 8.17 4.75 

19.82 0.035 0.033 0.68 4.11 8.30 4.83 

20.94 0.035 0.033 0.7 4.27 8.43 4.90 

23.27 0.035 0.033 0.74 4.60 8.68 5.06 

27.01 0.035 0.033 0.8 5.12 9.06 5.28 

33.93 0.035 0.033 0.9 6.03 9.69 5.63 

41 .72 0.035 0.033 1 7.00 10.32 5.96 

50.43 0.035 0.033 1.1 8.03 10.96 6.28 

d 
II 
t·j 

I 

d 
I 

t! 



Flow 

(cfs) 

PROTECO LANDFILL 
REACH "8" DRAINAGE CALCULATIONS 

FOR SLOPE = 8% 

n Slope Flow Dept Area Wetted Velocity 
Perimeter 

(%) (ft) (sq. ft.) (fps) 

1.08 0.035 0.08 0.1 0.45 5.02 2.39 

3.61 0.035 0.08 0.2 1.00 6.04 3.61 

7.50 0.035 0.08 0.3 1.65 7.06 4.55 

12.81 0.035 0.08 0.4 2.40 8.08 5.34 

17.42 0.035 0.08 0.47 2.98 8.79 5.84 

18.14 0.035 0.08 0.48 3.07 8.90 5.91 

18.88 0.035 0.08 0.49 3.16 9.00 5.97 

~;w~:;=;tift'6\~ii~~~Hi~~~wmm~~{.if~~~Wg~lllMffitit•<i:ist1\WfW>.1fW~~"i\%~1w~~;~r.~~r~l 
.. ::x$~$~"'f~.>"•»=-=*~··"'~·~~~~~~~.,~~~:,;, .. ~~a.~ .. »:-~,. .. ..:·~~):~~1~~~ .. ~~~~~~~~~m 

25.36 0.035 0.08 0.57 3.90 9.81 6.49 

28.06 0.035 0.08 0.6 4.20 10.12 6.68 

38.19 0.035 0.08 0.7 5.25 11 .14 7.27 

50.13 0.035 0.08 0.8 6.40 12.16 7.83 

·I 
ol 

\I 



PROTECO LANDFILL 
REACH "8" DRAINAGE CALCULATIONS 

FOR SLOPE = 8%, n=0.031 

Flow n Slope Flow Depth Area Wetted Velocity 
Perimeter 

(cfs) (%) (ft) (sq. ft.) (fps) 

1.22 0.08 0.1 5.02 2.70 

4.07 0.08 0.2 6.04 4.07 

8.47 7.06 5.13 

14.47 8.08 6.03 
6 

19.67 0.031 0.08 0.47 2.98 8.79 6.59 

22.17 0.031 0.08 0.5 3.25 9.10 6.82 

31.68 0.031 0.08 0.6 4.20 10.12 7.54 

43.12 0.031 0.08 0.7 5.25 11.14 8.21 

56.60 0.031 0.08 0.8 6.40 12.16 8.84 

; I 
:I 
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PROTECO LANDFILL 
REACH "C" DRAINAGE CALCULATIONS 

FOR SLOPE= 4.7% 
Flow n Slope Flow Area Wetted Velocity 

Depth Perimeter 

(cfs) (%) (ft) (sq. ft.) (fps) 

0.98 0.031 0.047 0.1 0.50 6.01 1.97 

3.48 0.031 0.047 0.2 1.20 8.08 2.90 

7.68 0.031 0.047 0.3 2.10 10.03 3.66 

13.72 0.031 0.047 0.4 3.20 12.04 4.29 

18.34 0.031 0.047 0.46 3.96 13.25 4.64 
.I 19.19 0.031 0.047 0.47 4.09 13.45 4.69 

20.95 0.031 0.047 0.49 4.36 13.85 4.80 :I 
21 .87 0.031 0.047 0.5 4.50 14.05 4.86 

32.33 0.031 0.047 0.6 6.00 16.06 5.39 

45.31 0.031 0.047 0.7 7.70 18.07 5.88 

61 .01 0.031 0.047 0.8 9.60 20.08 6.36 

79.64 0.031 0.047 0.9 11.70 22.09 6.81 

101 .38 0.031 0.047 1 14.00 24.10 7.24 

126.42 0.031 0.047 1.1 16.50 26.11 7.66 

154.93 0.031 0.047 1.2 19.20 28.12 8.07 

187.10 0.031 0.047 1.3 22.10 30.13 8.47 



Flow 
(cfs) 

PROTECO LANDFILL 
REACH "C" DRAINAGE CALCULATIONS 

FOR SLOPE = 7.1% 
n Slope Flow Area Wetted Velocity 

Depth Perimeter 
(%) (ft) (sq. ft.) (fps) 

1.07 0.035 0.071 0.1 0.50 6.01 2.14 

3. 79 0.035 0.071 0.2 1.20 8.08 3.16 

8.36 0.035 0.071 0.3 2.10 10.03 3.98 

14.94 0.035 0.071 0.4 3.20 12.04 4.67 

-~~w@:~-1Jj~&]if.~l!gi!fl&t~!$JI&Wt3-ll&lt$.l~ 
20.89 0.035 0.071 0.47 4.09 13.45 5.11 

21.84 0.035 0.071 0.48 4.22 13.65 5.17 

22.81 0.035 0.071 0.49 4.36 13.85 5.23 

23.81 0.035 0.071 0.5 4.50 14.05 5.29 

35.19 0.035 0.071 0.6 6.00 16.06 5.86 

43.32 0.035 0.071 0.66 7.00 17.27 6.19 

44.78 0.035 0.071 0.67 7.17 17.47 6.25 

46.26 0.035 0.071 0.68 7.34 17.67 6.30 

47.78 0.035 0.071 0.69 7.52 17.87 6.35 

49.32 0.035 0.071 0.7 7.70 18.07 6.41 

66.42 0.035 0.071 0.8 9.60 20.08 6.92 

86.70 0.035 0.071 0.9 11.70 22.09 7.41 

110.37 0.035 0.071 1 14.00 24.10 7.88 

137.62 0.035 0.071 1.1 16.50 26.11 8.34 

168.66 0.035 0.071 1.2 19.20 28.12 8.78 

203.68 0.035 0.071 1.3 22.10 30.13 9.22 

I 
I 
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Flow 
(cfs) 

PROTECO LANDFILL 
REACH "C" DRAINAGE CALCULATIONS 

FOR SLOPE= 7.1%, n=0.031 
n Slope Flow Area Wetted Velocity 

Depth Perimeter 
(%) (ft) (sq. ft.) (fps) 

1.21 0.031 0.071 0.1 0.50 6.01 2.42 

4.28 0.031 0.071 0.2 1.20 8.08 3.57 

9.43 0.031 0.071 0.3 2.10 10.03 4.49 

16.87 0.031 0.071 0.4 3.20 12.04 5.27 

18.65 0.031 0.071 0.42 3.44 12.44 5.42 

19.59 0.031 0.071 0.43 3.57 12.64 5.49 

.,Si:itti{~I~W.iitmlmm1i.t>mai6~8tm{~~Mlli~~;EaBT~W~it41 
21 .53 0.031 0.071 0.45 3.83 13.04 5.63 

26.88 0.031 0.071 0.5 4.50 14.05 5.97 

39.73 0.031 0.071 0.6 6.00 16.06 6.62 

48.91 0.031 0.071 0.66 7.00 17.27 6.99 

50.56 0.031 0.071 0.67 7.17 17.47 7.05 

52.23 0.031 0.071 0.68 7.34 17.67 7.11 

53.94 0.031 0.071 0.69 7.52 17.87 7.17 

55.68 0.031 0.071 0.7 7.70 18.07 7.23 

74.99 0.031 0.071 0.8 9.60 20.08 7.81 

97.88 0.031 0.071 0.9 11.70 22.09 8.37 

124.61 0.031 0.071 1 14.00 24.10 8.90 

155.38 0.031 0.071 1.1 16.50 26.11 9.42 

190.43 0.031 0.071 1.2 19.20 28.12 9.92 

229.97 0.031 0.071 1.3 22.10 30.13 10.41 

.. 
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PROTECO LANDFILL 
REACH "D" DRAINAGE CALCULATIONS 

FOR SLOPE = 2.9% 
Flow n Slope Flow Area Wetted Velocity 
(cfs) Depth Perimeter 

(%) (ft) (sq. ft.) (fps) 

0.66 0.035 0.029 0.1 0.47 5.45 
2.29 0.035 0.029 0.2 1.09 6.91 
4.87 0.035 0.029 1.85 8.36 
8.51 0.035 0.029 2.75 9.82 

13.30 0.035 0.029 3.80 11 .27 
19.34 0.035 0.029 4.99 12.72 
26.72 0.035 0.029 
27.54 0.035 0.029 

29.22 0.035 0.029 0.73 6.76 14.61 4.32 
30.08 0.035 0.029 0.74 6.90 14.76 4.36 
35.55 0.035 0.029 0.8 7.81 15.63 4.55 
45.93 0.035 0.029 0.9 9.43 17.08 4.87 
47.05 0.035 0.029 0.91 9.60 17.23 4.90 
48.19 0.035 0.029 0.92 9.77 17.38 4.93 
49.35 0.035 0.029 0.93 9.95 17.52 4.96 
50.53 0.035 0.029 0.94 10.12 17.67 4.99 
57.93 0.035 0.029 1 11 .20 18.54 5.17 
71.66 0.035 0.029 1.1 13.11 19.99 5.46 
87.19 0.035 0.029 1.2 15.17 21 .45 5.75 

104.62 0.035 0.029 1.3 17.37 22.90 6.02 

I 
• I 



Flow 
(cfs) 

PROTECO LANDFILL 
REACH "D" DRAINAGE CALCULATIONS 

FOR SLOPE = 13.3% 
n Slope Flow Area Wetted Velocity 

Depth Perimeter 
(%) (ft) (sq. ft .) (fps) 

1.34 0.035 0.133 0.1 0.42 4.45 3.19 
4.33 0.035 0.133 0.2 0.88 4.89 4.92 
8.65 0.035 0.133 0.3 1.38 5.34 6.27 

14.23 0.035 0.133 0.4 1.92 5.79 7.41 
21 .04 0.035 0.133 0.5 2.50 6.24 8.42 
26.54 0.035 0.133 0.57 2.93 6.55 9.06 
27.37 0.035 0.133 0.58 2.99 6.59 9.15 

~i®t~-t'~~~~fl~.d~~~~--29.08 0.035 0.133 0.6 3.12 6.68 9.32 
38.36 0.035 0.133 0.7 3.78 7.13 10.15 
45.61 0.035 0.133 0.77 4.27 7.44 10.69 
46.70 0.035 0.133 0.78 4.34 7.49 10.77 
47.80 0.035 0.133 0.79 4.41 7.53 10.84 
48.91 0.035 0.133 0.8 4.48 7.58 10.92 
60.75 0.035 0.133 0.9 5.22 8.02 11.64 
73.93 0.035 0.133 1 6.00 8.47 12.32 
88.46 0.035 0.133 1.1 6.82 8.92 12.97 

104.39 0.035 0.133 1.2 7.68 9.37 13.59 
121 .74 0.035 0.133 1.3 8.58 9.81 14.19 

·I 
I .. 
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Flow 
(cfs) 

PROTECO LANDFILL 
REACH "D" DRAINAGE CALCULATIONS 

FOR SLOPE= 2.9% 
n Slope Flow Area Wetted Velocity 

Depth Perimeter 
(%) (ft) (sq. ft.) (fps) 

0.61 0.038 0.029 0.1 0.47 5.45 1.30 
2.11 0.038 0.029 0.2 1.09 6.91 1.94 
4.49 0.038 0.029 0.3 1.85 8.36 2.43 
7.84 0.038 0.029 0.4 2.75 9.82 2.85 

12.25 0.038 0.029 0.5 3.80 11 .27 3.22 
17.81 0.038 0.029 0.6 4.99 12.72 3.57 
24.61 0.038 0.029 0.7 6.33 14.18 3.89 
26.91 0.038 0.029 0.73 6.76 14.61 3.98 
27.70 0.038 0.029 0.74 6.90 14.76 4.01 

~~ili~i1f~I!E.tli~~iftlli~Ji~l~l.-~~~~~~~00illii. 29.33 0.038 0.029 0.76 7.20 15.05 4.07 
32.75 0.038 0.029 0.8 7.81 15.63 4.19 
42.30 0.038 0.029 0.9 9.43 17.08 4.48 
47.64 0.038 0.029 0.95 10.30 17.81 4.63 
48.75 0.038 0.029 0.96 10.48 17.96 4.65 
49.88 0.038 0.029 0.97 10.65 18.10 4.68 
51 .02 0.038 0.029 0.98 10.83 18.25 4.71 
53.36 0.038 0.029 1 11.20 18.54 4.76 
66.00 0.038 0.029 1.1 13.11 19.99 5.03 
80.31 0.038 0.029 1.2 15.17 21 .45 5.29 
96.36 0.038 0.029 1.3 17.37 22.90 5.55 
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PROTECO LANDFILL :I 
I 

REACH "E" DRAINAGE CALCULATIONS 
FOR SLOPE= 1.7%, n = 0.035 

Flow n Slope Flow Area Wetted Velocity 
Depth Perimeter 

(cfs) (%) (ft) (sq. ft.) (fps) 

0.50 0.035 0.017 0.1 0.45 5.02 1.10 
0.58 0.035 0.017 0.11 0.50 5.12 1.17 
0.68 0.035 0.017 0.12 0.55 5.22 1.23 
0.78 0.035 0.017 0.13 0.60 5.33 1.29 

1.66 0.035 0.017 0.2 1.00 6.04 1.66 
3.46 0.035 0.017 0.3 1.65 7.06 2.10 
5.91 0.035 0.017 0.4 2.40 8.08 2.46 
9.05 0.035 0.017 0.5 3.25 9.10 2.78 

12.93 0.035 0.017 0.6 4.20 10.12 3.08 
17.60 0.035 0.017 0.7 5.25 11 .14 3.35 
23.11 0.035 0.017 0.8 6.40 12.16 3.61 
29.50 0.035 0.017 0.9 7.65 13.18 3.86 
36.81 0.035 0.017 1 9.00 14.20 4.09 
45.09 0.035 0.017 1.1 10.45 15.22 4.31 
54.39 0.035 0.017 1.2 12.00 16.24 4.53 
64.75 0.035 0.017 1.3 13.65 17.26 4.74 



I 

PROTECO LANDFILL 
,I 

·I 

REACH "E" DRAINAGE CALCULATIONS 
FOR SLOPE= 11 .8% 

Flow n Slope Flow Area Wetted Velocity 
Depth Perimeter 

(cfs) (%) (ft) (sq. ft.) (fps) 

0.54 0.035 0.118 0.06 0.25 4.32 2.16 
0.70 0.035 0.118 0.07 0.29 4.38 2.39 

1.06 0 .035 0.118 0.09 0.38 4.48 2.80 
1.27 0.035 0.118 0.1 0.43 4.54 2.99 
4.13 0 .035 0.118 0.2 0.90 5.08 4.59 
8.31 0.035 0.118 0.3 1.43 5.62 5.83 

13.77 0.035 0.118 0.4 2.00 6.15 6.89 
20.50 0.035 0.118 0.5 2.63 6.69 7.81 
28.53 0.035 0.118 0.6 3.30 7.23 8.65 
37.88 0.035 0.118 0.7 4.03 7.n 9.41 
48.60 0.035 0.118 0.8 4.80 8.31 10.13 
60.73 0.035 0.118 0.9 5.63 8.85 10.80 
74.32 0.035 0.118 1 6.50 9.39 11 .43 
89.40 0 .035 0.118 1.1 7.43 9.92 12.04 

106.04 0 .035 0.118 1.2 8.40 10.46 12.62 
124.27 0.035 0.118 1.3 9.43 11 .00 13.18 

:I 
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PROTECO LANDFILL 
REACH "E" DRAINAGE CALCULATIONS 

FOR SLOPE = 1.7%, n = 0.028 
Flow n Slope Flow Area Wetted Velocity 

Depth Perimeter 
(cfs) (%) (ft) (sq. ft.) (fps) 

0.62 0.028 0.017 0.1 0.45 5.02 1.38 
0.73 0.028 0.017 0.11 0.50 5.12 1.46 
0.85 0.028 0.017 0.12 0.55 5.22 1.54 

:r:1~1lf.r&~l:Q~~•t•~l~~r~~f~~lllia~oolmrill~~®t~~t~ 
1.11 0.028 0.017 0.14 0.66 5.43 1.69 
2.08 0.028 0.017 0.2 1.00 6.04 2.08 
4.32 0.028 0.017 0.3 1.65 7.06 2.62 
7.38 0.028 0.017 0.4 2.40 8.08 3.08 

11 .31 0.028 0.017 0.5 3.25 9.10 3.48 
16.17 0.028 0.017 0.6 4.20 10.12 3.85 
22.01 0.028 0.017 0.7 5.25 11 .14 4.19 
28.89 0.028 0.017 0.8 6.40 12.16 4.51 
36.87 0.028 0.017 0.9 7.65 13.18 4.82 
46.01 0.028 0.017 1 9.00 14.20 5.11 
56.36 0.028 0.017 1.1 10.45 15.22 5.39 
67.99 0.028 0.017 1.2 12.00 16.24 5.67 
80.94 0.028 0.017 1.3 13.65 17.26 5.93 



PROTECO LANDFILL 
REACH "E" DRAINAGE CALCULATIONS 

FOR SLOPE = 11 .8%, n = 0.028 
Flow n Slope Flow Area Wetted Velocity 

Depth Perimeter 
(cfs) (%) (ft) (sq. ft.) (fps) 

1.09 0.028 0.118 0.08 0.34 4.43 3.25 
1.33 0.028 0.118 0.09 0.38 4.48 3.50 
1.59 0.028 0.118 0.1 0.43 4.54 3.74 
5.16 0.028 0.118 0.2 0.90 5.08 5.74 

10.39 0.028 0.118 0.3 1.43 5.62 7.29 
17.22 0.028 0.118 0.4 2.00 6.15 8.61 
25.63 0.028 0.118 0.5 2.63 6.69 9.76 
35.66 0.028 0.118 0.6 3.30 7.23 10.81 
47.35 0.028 0.118 0.7 4.03 7.77 11 .77 
60.75 0.028 0.118 0.8 4.80 8.31 12.66 
75.92 0.028 0.118 0.9 5.63 8.85 13.50 
92.90 0.028 0.118 1 6.50 9.39 14.29 

111 .75 0.028 0.118 1.1 7.43 9.92 15.05 
132.55 0.028 0.118 1.2 8.40 10.46 15.78 
155.33 0.028 0.118 1.3 9.43 11.00 16.48 
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PROTECO LANDFILL 
REACH "F" DRAINAGE CALCULATIONS 

FOR SLOPE = 4.9% 
Flow n Slope Flow Area Wetted Velocity 

Depth Perimeter 
(cfs) (%) (ft) (sq. ft.) (ft) (fps) 

0.83 0.035 0.049 0.1 0.43 4.69 1.91 
2.71 0.035 0.049 0.2 0.93 5.38 2.91 
5.52 0.035 0.049 0.3 1.50 6.07 3.69 
9.25 0.035 0.049 0.4 2.1 3 6.76 4.34 

13.90 0.035 0.049 0.5 2.83 7.45 4.92 
17.16 0.035 0.049 0.56 3.27 7.86 5.24 
17.74 0.035 0.049 0.57 3.35 7.93 5.29 

18.93 0.035 0.049 0.59 3.51 8.07 5.39 
19.53 0.035 0.049 0.6 3.59 8.14 5.44 
26.17 0.035 0.049 0.7 4.42 8.83 5.93 
33.87 0.035 0.049 0.8 5.31 9.52 6.38 
42.66 0.035 0.049 0.9 6.27 10.21 6.80 
52.60 0.035 0.049 1 7.30 10.90 7.21 
63.73 0.035 0.049 1.1 8.39 11 .59 7.59 
76.09 0.035 0.049 1.2 9.55 12.28 7.97 
89.73 0.035 0.049 1.3 10.78 12.97 8.33 

I 

:I 
I 



PROTECO LANDFILL 
REACH "F" DRAINAGE CALCULATIONS 

FOR SLOPE= 20% 
Flow n Slope Flow Area Wetted Velocity 

Depth Perimeter 
(cfs) (%) (ft) (sq. ft.) (ft) (fps) 

I I 

1.65 0.42 II 
5.31 0.88 I 

10.61 1.38 
17.45 

19.00 0.035 0.2 0.42 2.03 5.88 9.35 
19.80 0.035 0.2 0.43 2.09 5.92 9.47 
20.61 0.035 0.2 0.44 2.1 5 5.97 9.60 
25.80 0.035 0.2 0.5 2.50 6.24 10.32 
35.66 0.035 0.2 0.6 3.12 6.68 11 .43 
47.04 0.035 0.2 0.7 3.78 7.13 12.44 
59.98 0.035 0.2 0.8 4.48 7.58 13.39 
74.50 0.035 0.2 0.9 5.22 8.02 14.27 
90.65 0.035 0.2 1 6.00 8.47 15.11 

108.48 0.035 0.2 1.1 6.82 8.92 15.91 
128.01 0.035 0.2 1.2 7.68 9.37 16.67 
149.29 0.035 0.2 1.3 8.58 9.81 17.40 

t! 
I 
I 

I 

I 
I 
I 
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PROTECO LANDFILL 
REACH "F-1" DRAINAGE CALCULATIONS 

SLOPE = 6.7% 
Flow n Slope Flow Area Wetted Velocity 

Depth Perimeter 
(cfs) (%) (ft) (sq. ft .) (ft) (fps) 

0.95 0.035 0.067 0.1 0.42 4.45 2.27 
3.07 0.035 0.067 0.2 0.88 4.89 3.49 
6.14 0.035 0.067 0.3 1.38 5.34 4.45 

10.10 0.035 0.067 0.4 1.92 5.79 5.26 
14.93 0.035 0.067 0.5 2.50 6.24 5.97 
17.68 0.035 0.067 0.55 2.81 6.46 6.30 

18.83 0.035 0.067 0.57 2.93 6.55 6.43 
19.43 0.035 0.067 0.58 2.99 6.59 6.49 
20.64 0.035 0.067 0.6 3.12 6.68 6.61 
27.23 0.035 0.067 0.7 3.78 7.13 7.20 
34.71 0.035 0.067 0.8 4.48 7.58 7.75 
43.12 0.035 0.067 0.9 5.22 8.02 8.26 
52.47 0.035 0.067 1 6.00 8.47 8.75 
62.78 0.035 0.067 1.1 6.82 8.92 9.21 
74.09 0.035 0.067 1.2 7.68 9.37 9.65 .I 

I 86.41 0.035 0.067 1.3 8.58 9.81 10.07 I 
'I 
I 
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PROTECO LANDFILL 
REACH "G" DRAINAGE CALCULATIONS 

SLOPE = 5.3% 
Flow n Slope Flow Area Wetted Velocity 

Depth Perimeter 
(cfs) (%) (ft) (sq. ft.) (ft) (fps) 

I 

0.85 0.035 0.053 0.1 0.42 4.45 2.02 'I 2.73 0.035 0.053 0.2 0.88 4.89 3.10 
5.46 0.035 0.053 0.3 1.38 5.34 3.96 
8.98 0.035 0.053 0.4 1.92 5.79 4.68 
13.28 0.035 0.053 0.5 2.50 6.24 5.31 
18.35 0.035 0.053 0.6 3.12 6.68 5.88 
24.21 0.035 0.053 0.7 3.78 7.13 6.41 
30.87 0.035 0.053 0.8 4.48 7.58 6.89 
35.26 0.035 0.053 0.86 4.92 7.85 7.17 
36.02 0.035 0.053 0.87 4.99 7.89 7.21 
36.79 0.035 0.053 0.88 5.07 7.94 7.26 

38.35 0.035 0.053 0.9 5.22 8.02 7.35 
46.67 0.035 0.053 1 6.00 8.47 7.78 
55.84 0.035 0.053 1.1 6.82 8.92 8.19 
65.89 0.035 0.053 1.2 7.68 9.37 8.58 
76.85 0.035 0.053 1.3 8.58 9.81 8.96 

I 

I 
'I 

!I 



PROTECO LANDFILL 
REACH "G" DRAINAGE CALCULATIONS 

SLOPE = 14.3% 
Flow n Slope Flow Area Wetted Velocity 

Depth Perimeter :j (cfs) (%) (ft) (sq. ft.) (ft) (fps) 

II 1.39 0.035 0.143 4.45 3.31 
' 4.49 0.035 0.143 4.89 5.10 

8.97 0.035 0.143 5.34 6.50 
14.76 0.035 0.143 5.79 7.69 
21 .82 0.035 0.143 8.73 
30.15 0.035 0.143 9.66 
35.77 0.035 0.143 10.19 
36.75 0 035 0 43 10.27 

38.75 0.035 0.143 0.69 3.71 7.09 10.44 
39.77 0.035 0.143 0.7 3.78 7.13 10.52 
50.71 0.035 0.143 0.8 4.48 7.58 11.32 
57.92 0.035 0.143 0.86 4.92 7.85 11.77 
59.17 0.035 0.143 0.87 4.99 7.89 11 .85 
60.43 0.035 0.143 0.88 5.07 7.94 11.92 
61 .71 0.035 0.143 0.89 5.14 7.98 12.00 
63.00 0.035 0.143 0.9 5.22 8.02 12.07 

' 76.66 0.035 0.143 1 6.00 8.47 12.78 I 91 .72 0.035 0.143 1.1 6.82 8.92 13.45 I 108.24 0.035 0.143 1.2 7.68 9.37 14.09 
,, 
I 126.23 0.035 0.143 1.3 8.58 9.81 14.71 I 
I 



PROTECO LANDFILL 
REACH "G" DRAINAGE CALCULATIONS 

SLOPE = 5.3%, n=0.038 
Flow n Slope Flow Area Wetted Velocity 

Depth Perimeter 
(cfs) (%) (ft) (sq. ft.) (ft) (fps) 

0.78 0.038 0.053 0.1 0.42 4.45 1.86 
2.52 0.038 0.053 0.2 0.88 4.89 2.86 
5.03 0.038 0.053 0.3 1.38 5.34 3.65 
8.27 0.038 0.053 0.4 1.92 5.79 4.31 

12.23 0.038 0.053 0.5 2.50 6.24 4.89 
16.91 0.038 0.053 0.6 3.12 6.68 5.42 
22.30 0.7 3.78 7.1 3 5.90 
28.44 0.8 4.48 7.58 6.35 
35.32 5.22 8.02 6.77 
36.06 5.30 8.07 
36.79 5 7 8.11 

42.98 0.038 0.053 1 6.00 8.47 7.16 
51.43 0.038 0.053 1.1 6.82 8.92 7.54 
60.69 0.038 0.053 1.2 7.68 9.37 7.90 
70.78 0.038 0.053 1.3 8.58 9.81 8.25 

'I 
!I 

'I 

il q 
'I I 



PROTECO LANDFILL 'I 
It 

REACH "G" DRAINAGE CALCULATIONS 
S LOPE = 14.3%, n=0.038 

Flow n Slope Flow Area Wetted Velocity 
Depth Perimeter 

(cfs) (%) (ft) (sq. ft.) (ft) (fps) 

1.28 0.038 0.143 0.1 0.42 4.45 3.05 
4.1 3 0.038 0.143 0.2 4.89 4.70 
8.26 0.038 0.143 0.3 5.34 5.99 

13.59 0.038 0.143 0.4 5.79 7.08 
20.09 0.038 0.143 0.5 6.24 8.04 
27.77 0.038 0.143 8.90 

.63 0.038 0.143 

38.55 0.038 0.143 0.72 3.92 7.22 9.84 
39.53 0.038 0.143 0.73 3.99 7.26 9.92 
40.52 0.038 0.143 0.74 4.06 7.31 9.99 
46.71 0.038 0.143 0.8 4.48 7.58 10.43 
58.02 0.038 0.143 0.9 5.22 8.02 11.12 
70.60 0.038 0.143 1 6.00 8.47 11.77 
84.48 0.038 0.1 43 1.1 6.82 8.92 12.39 ' 99.69 0.038 0.143 1.2 7.68 9.37 12.98 l 116.27 0.038 0.143 1.3 8.58 9.81 13.55 l 

I 
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PROTECO LANDFILL 
REACH "H" DRAINAGE CALCULATIONS 

SLOPE= 14.3% 
Flow n Slope Flow Area Wetted Velocity 

Depth Perimeter 
(cfs) (%) (ft) (sq. ft.) (ft) (fps) 

1.42 0.143 0.1 0.44 4.73 I 
,I 4.66 0.143 0.2 0.94 5.46 
I 9.50 0.143 0.3 1.52 6.18 

15.95 0.4 2.16 6.91 
22.29 0.48 2.73 7.49 

2 57 

33.86 0.035 0.143 0.6 3.66 8.37 9.25 
45.46 0.035 0.143 0.7 4.52 9.10 10.07 
58.94 0.035 0.143 0.8 5.44 9.82 10.83 
67.96 0.035 0.143 0.86 6.03 10.26 11 .27 
69.53 0.035 0.143 0.87 6.13 10.33 11 .34 
71.13 0.035 0.143 0.88 6.23 10.41 11.42 
72.74 0.035 0.143 0.89 6.33 10.48 11 .49 
74.37 0.035 0.143 0.9 6.44 10.55 11.56 
91 .85 0.035 0.143 1 7.50 11 .28 12.25 

111.45 0.035 0.143 1.1 8.64 12.01 12.91 
133.26 0.035 0.143 1.2 9.84 12.74 13.54 
157.36 0.035 0.143 1.3 11 .12 13.46 14.16 



Flow 

(cfs) 

PROTECO LANDFILL 
REACH "H" DRAINAGE CALCULATIONS 

SLOPE = 16.7% 
n Slope Flow Area Wetted Velocity 

Depth Perimeter 
(%) (ft) (sq. ft .) (ft) (fps) 

1.53 0.035 0.167 0.1 0.44 4. 73 3.52 
5.03 0.035 0.167 0.2 0.94 5.46 5.36 

10.27 0.035 0.167 0.3 1.52 6.18 6. 78 
17.24 0.035 0.167 0.4 2.16 6.91 7.98 
20.52 0.035 0.167 0.44 2.44 7.20 8.42 
21.38 0.035 0.167 0.45 2.51 7.28 8.52 
22.27 0.035 0.167 0.46 2.58 7.35 8.63 
23.17 0.035 0.167 0.47 2.65 7.42 8.73 

1mt~•llll&J~~~~Jut&PKm7l~~~~>#fg~Jllir~~llli\\.~mrnTm~Dlti1 25.03 0.035 0.167 0.49 2.80 7.57 8.94 
25.99 0.035 0.167 0.5 2.88 7.64 9.04 
36.59 0.035 0.1 67 0.6 3.66 8.37 10.00 
49.13 0.035 0.167 0.7 4.52 9.10 10.88 
63.69 0.035 0.167 0.8 5.44 9.82 11 .71 
73.44 0.035 0.167 0.86 6.03 10.26 12.18 
75.14 0.035 0.167 0.87 6.13 10.33 12.26 
76.86 0.035 0.167 0.88 6.23 10.41 12.34 
78.61 0.035 0.167 0.89 6.33 10.48 12.41 
80.37 0.035 0.167 0.9 6.44 10.55 12.49 
99.26 0.035 0.167 1 7.50 11 .28 13.23 

120.44 0.035 0.167 1.1 8.64 12.01 13.95 
144.01 0.035 0.167 1.2 9.84 12.74 14.64 
170.06 0.035 0.1 67 1.3 11 .12 13.46 15.30 
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